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Prior to the 1990s the analytical chemistry methods for the determination of perchlorate
anion were based on gravimetric, derivatization/spectrophotometric or electrochemical methods.1,2 
In the1990s, separation methods such as ion chromatography and capillary electrophoresis began to
dominate.  Ion chromatography appears to  be the most popular separation techniques, and is
amenable to various types of detectors.

The first ion chromatography method using conductivity detection was developed by the
California Department of Health Services (CADHS) in 1997.3   They used an anion exchange column
with a mobile phase of NaOH/p-cyanophenol and conductivity suppression.  The practical quant ifiable
limit, determined in multi-laboratory study in 1998, was 6 ppb.  Later, better columns for separating
large polarizable anions like perchlorate were developed and, in 1999, the U.S. EPA published
Method 314.0 which uses this next generation of anion exchange resin, electrolytic conductivity
suppression and conductivity detection. 4,5  The detection limit (DL) of Method 314.0 is 0.53 ppb
with a widely achievable minimum reporting limit (MRL) of 4 ppb.  Through several simple
modifications, however, there are labs achieving lower DLs and MRLs using Method 314.0.6,7 The
modifications being used are (1) large volume injection (2 mL or more), (2) sample preconcentration
onto short chromatography columns prior to separation on the analytical column, (3) sample
concentration by evaporation and/or (4) dedication of IC instrumentation to low-level perchlorate
analysis.  Generally, the improvements have resulted in MRLs of approximately 1 ppb.  It is important
to keep in mind that even though these modifications have worked well for relatively clean and well
characterized water samples, there is no data to confirm that these modifications work well for a wide
range of sample types.  Therefore, these modifications should only be made in specialized
circumstances and are not appropriate for general monitoring.  For samples containing high
concentrations of anions (Cl-, NO3

-, CO3
2-, SO4

2-) that elute just prior to perchlorate, further
improvements in DLs and MRLs have been possible using sample clean-up procedures.  Removal of
highly conducting common anions allows perchlorate to elute on a baseline of low conductivity,
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further improving detection limits by conductivity.  Sample clean-up is typically accomplished with
syringe cartridges that contain a resin with ion exchange sites to precipitate or complex the interfering
anions.  For example, to remove sulfate, a barium-containing resin would be used.  Silver ion is used
to precipitate Cl- and H+ exchange resin is used to remove CO3

2-.  The main disadvantage to
developing methods dependent on these cartridges to achieve desirable MRLs is cost.  Depending on
the number of cartridges required, the cost per analysis could increase from $8-$24.  Currently, there
is research underway to develop a resin capable of selectively retaining perchlorate anion in the
presence of high concentrations of other anions.  If successful, this would provide a means of
concentrating perchlorate to achieve lower detection limits in low to high ionic matrices.  

Despite the noteworthy advances that have been made in column design for ion
chromatography and the advances in sample pre-treatment, there is still the issue of specificity when
using conductivity detection.  Since perchlorate is identified solely by retention time, there is the
potential for misidentification of contaminant peaks in the same retention time window as perchlorate. 
In most cases, spiking the suspect sample with perchlorate is sufficient to establish the precise
retention time of perchlorate in the matrix, and reveals whether or not a suspect peak is indeed
perchlorate.  Dionex Corporation has made a prototype column for perchlorate that is under
investigation at the EPA in Cincinnati.  The chemistry of perchlorate retention on this column is
completely different from the principle of anion exchange used in Method 314.0, so it shows promise
of providing confirmation of perchlorate using conductivity detection.   

However, an ideal detector would utilize unique and specific information about the analyte.
The response in mass spectrometric detection is based on very specific information about the analyte,
i.e., the mass-to-charge ratio of the ion of interest.  In the case of the perchlorate ion, the primary
mass of interest is 99 based on the 75.77% relative abundance of the chlorine-35 isotope.  Mass 101
is a secondary mass of interest based on the 24.23% abundance of chlorine-37.  Coupled with ion
chromatographic separation, mass spectrometry is by far the most promising analytical tool available
today for low-level identification and quantitation of perchlorate in drinking water. 8-11   Typical 
method detection limits in waters up to 200 ppm in the common anions carbonate, chloride and
sulfate, are 0.03 - 0.07 ppb with minimum reporting limits from 0.1 - 0.25 ppb.  Detect ion limits using
the secondary mass, 101, are approximately four times higher.

  Currently in development  at the U.S. EPA is a method that uses ion chromatographic
separation of the perchlorate ion, as is done in Method 314.0, followed by electrolytic conductivity
suppression prior to electrospray ionization mass spectrometric detection of perchlorate at masses 99
and 101.12  Another approach being pursued by several commercial labs is ion chromatographic
separation of perchlorate followed by electrospray ionization and MS-MS detection.  In this
approach, the perchlorate ion is monitored in its transition from perchlorate, mass 99, to chlorate,
mass 83, after the loss of an oxygen atom in a collision cell.13  Both these MS methods are sensitive
and specific for perchlorate at sub-ppb levels in drinking water matrices. Additionally, the same
sample clean-up and concentration procedures used to improve detection limits of EPA Method
314.0 and to extend its application to more complex matrices can also be used to improve the MS
methods.  In the event that perchlorate is regulated in drinking water or that a second national
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occurrence survey is conducted under the Unregulated Contaminant Monitoring Rule (UCMR), this
current research will result in an inherently more sensitive and specific MS methods that can be
readily implemented by most analytical laboratories. 
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